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Figure 1. Growth in width and FtsZ longitudinal positioning in a nematode-associated bacterium. 
Volumes plotted versus length (A) or width (B) of L. oneistus ectosymbiont (black) or E. coli (red) 
cells. (A) Cell length shows a direct linear correlation to cell volume in E. coli (n = 5,021), but 
not in the ectosymbiont (n = 4,004). (B) Cell width shows a direct linear correlation to cell vol-
ume in the ectosymbiont, but not in E. coli. (C–H) Confocal laser scanning microscopy images 
showing FtsZ (green) localization in non-dividing (C) and dividing (D–H) L. oneistus ectosymbiont 
cells. For each division stage the representative localization pattern observed in >25 cells is 
displayed (bottom), with the corresponding differential contrast image (top). In an ectosymbiont 
not displaying any membrane constriction (C), FtsZ fluorescence concentrates at one pole. In a 
symbiont with polar indentations, FtsZ appears as a medially localized elliptical ring (D), which 
constricts at later fission stages (E–G) and to a maximum immediately before separation of cell 
daughters (H). Insert in (G) shows a lateral view of the FtsZ ring. Arrowheads point to slight polar 
indentations, arrows to readily visible constrictions, asterisks to deep constrictions. Dashed lines 
represent cell outline. Scale bar is 1 μm. (I) Cell length and longitudinal FtsZ fluorescence profiles 
of 2,358 ectosymbiont cells sorted by increasing cell width, from left to right. The green outline 
represents the cell length and the heat map represents the FtsZ fluorescence intensity of each 
cell along its length. The leftmost bar represents the thinnest cell, the rightmost bar the widest 
cell. The calibration bar displays FtsZ fluorescence intensity in arbitrary units (a.u.).Nikolaus Leisch1, Jolanda Verheul2, 
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Rod-shaped bacteria usually grow 
in length and place their FtsZ 
ring and division site at midcell, 
perpendicular to their long axis [1,2]. 
Here, we provide morphometric 
and immunocytochemical evidence 
that a nematode-associated 
gammaproteobacterium [3,4] grows 
in width, sets a constricting FtsZ ring 
parallel to its long axis, and divides 
longitudinally by default. Remarkably, 
the newly described FtsZ ring 
appears to be not only 90° shifted 
with respect to model rods, but also 
elliptical and discontinuous. This 
reveals an unexpected versatility of 
the gammaproteobacterial cytokinetic 
machinery. 
On the basis of electron 
microscopy analysis, Polz et al. [3] 
provided the first evidence that the 
gammaproteobacterium attached to 
the surface of the marine nematode 
Laxus oneistus grows in width and 
divides longitudinally. They also 
hypothesized that this ectosymbiont 
does so in order to relay host 
attachment to both its daughter 
cells. Here, we extend this seminal 
ultrastructural analysis [3] and provide 
experimental evidence that FtsZ-
based symmetrical longitudinal fission 
is the default reproductive strategy 
adopted by the ectosymbiont. This 
rod-shaped bacterium has neither 
been isolated, nor found free-living 
in the environment. Its cells adhere 
to the nematode surface with one of 
their poles and form a monoculture 
of laterally packed, upright rods [3]. 
A C-type lectin secreted onto the 
cuticle by the nematode mediates 
ectosymbiont attachment, as well 
as ectosymbiont–ectosymbiont 
aggregation [5,6].By measuring the length and width 
of 4,004 cells, we show that the 
ectosymbiont grows in width, not in 
length (Figure 1A,B), unlike most other 
rod-shaped bacteria or non-polarized 
eukaryotic cells [2]. All the applied 
electron microscopy methods (Figure 
S1 in the Supplemental Information 
available online with this article) show 
that septation starts and progresses 
synchronously at both poles, involves both the membrane and a 
peptidoglycan layer (sacculus), and 
terminates with a deeply constricted 
cell.
In the model gammaproteobacterium 
Escherichia coli, the tubulin homolog 
FtsZ is essential for transverse fission 
[1,7]. After self-assembling into a 
membrane-associated ring positioned 
at midcell, the FtsZ ring starts to 
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in cytokinesis. The product of the 
ectosymbiont ftsZ gene, identified 
in a genome draft and validated by 
PCR, is 59% identical and 72% similar 
to E. coli K12 ftsZ. In accordance 
with the 16S rRNA gene-based 
phylogeny [8], the ectosymbiont FtsZ 
protein clusters with proteins from 
basal Gammaproteobacteria of the 
family Chromatiaceae (Figure S2A). 
We examined ectosymbiont FtsZ 
expression by probing membrane-
immobilized protein extracts with a 
monoclonal anti-FtsZ antibody and 
we specifically detected a single 
protein of the apparent molecular 
weight expected for the FtsZ 
monomer (~40 kDa; Figure S2B). In 
immunostained ectosymbiont cells that 
did not display any sign of septation, 
FtsZ fluorescence concentrates at 
one pole (Figure 1C). In cells that have 
just initiated division, as indicated 
by slight polar indentations (Figure 
1D), FtsZ appears as an elliptical 
ring that constricts along with the 
cell envelope as its ingression 
proceeds (Figure 1E,F). Remarkably, 
FtsZ fluorescence does not appear 
homogenous throughout the elliptical 
ring, and gaps can be detected in 3D 
reconstructions (Movie S1). The FtsZ 
ellipse is reduced to a ring (Figure 1G) 
and to a dot in maximally constricted 
cells i.e. immediately before separation 
of the daughter cells (Figure 1H). We 
conclude that, despite the 90° shift 
in division plane orientation with 
respect to model rod-shaped bacteria, 
an FtsZ-based constricting ring is 
longitudinally positioned in dividing 
cells.
We recorded the FtsZ fluorescence 
of 2,358 immunolabelled ectosymbiont 
cells and we could observe an increase 
in FtsZ fluorescence in the center of 
the long axis as the cells widen (Figure 
1I). Moreover, the thinner cells appear 
less fluorescent than the thicker cells, 
suggesting that the increase in FtsZ 
fluorescence is not solely due to a 
shift of FtsZ signal from the periphery 
to the center of the long axis, but also 
to an increase in its concentration. 
We conclude that FtsZ longitudinal 
positioning invariably follows growth 
in width and that longitudinal 
fission is the ectosymbiont’s default 
reproduction mode.
FtsZ ring positioning in 
Gammaprotebacteria depends 
on the periodic and MinE-driven 
oscillation of MinC and MinD along the long axis of the cell [1,2]. We 
identified the minCDE genes in 
our ectosymbiont genome draft 
and, as in the case of FtsZ, the 
MinCDE proteins phylogenetically 
cluster together with those of the 
Chromatiaceae (data not shown). 
The ectosymbiont gene repertoire 
suggests that MinCDE-based spatial 
regulation of the FtsZ ring may 
potentially mediate either transverse 
or longitudinal fission.
From a cell biological point of 
view, default longitudinal positioning 
of a constricting FtsZ ring reveals 
an unsuspected plasticity of 
the mechanisms underlying 
gammaproteobacterial growth 
and division. In particular, the 
ectosymbiont FtsZ ring appears to 
be not only 90° shifted with respect 
to model rod-shaped bacteria, but 
elliptical and discontinuous.
From a symbiosis-centered 
perspective, it is intriguing to 
speculate that ectosymbiont 
longitudinal fission may be induced 
by signals produced by the nematode 
host, similarly to host-induced 
cytokinesis inhibition in insect and 
plant endosymbionts [9,10].
Supplemental Information
Supplemental Information includes 
experimental procedures, two figures 
and one movie and can be found with this 
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